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DATA FOR DESIGN OF INTRANCE VANES FROM TWO-DIMENSTONAL
TESTS CF ATRFOILS IN CASCADE

By Charles M. Zimney and Viola . Lappi
SUMMARY

As a part of a program of the NACA directed toward
increasing the efficiency of compressors and turbines,
data were obtained for application to the design of
entrance vanes for axfax-flow compressors or turbines.

A series of blower-blade sections with relatively high
critical speeds have been developed for turning air
efficiently from 0° to 80° starting with an axial direc-
tion. Tests were made of five NACA 65.-series blower
blades {modified NACA 65(218) -010 airfoils) and of four
experimentally desigred blower blades in a staticnary
cascade at low Mach numbers. The turning effectiveness
and the pressure distributions of these blade sections at
various angles of attack were evaluated over a range of
solidities near 1. '%.trance-vane design charts are
presented that give a blade section end angle of attack
for any desired turning angle, The Glades thus obtained
operate with pesak-free pressure distributions. A4Lpproxi-
mate critical Mach nusvers were calculated from the
pressure distributions.

INTRODUCTION

Previous investigations of airfoils in a cascade
(reference 1) have attempted to simulate flow conditions
through a rotor or a stator involving a pressure rise,
The present investigation has been made to provide
information concerning the Flow through entrance vanes
inveolving a pressure drop. - A pressure rise” from the
leading edge to the trailing edge is accompanied by a
reduction of velocity relative to the blades, whereas a
pressure drop is accompanied by an increase in velocity
relative to the blades. The object of entrance-vane
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design is to turn the initial air through a specified
angle with a minlmum of losses. Tt seemg likely that
critical speeds could be-increased and boundary-layer
losses decresased by eliminating velocity peakg; tests
were consequently made Ifor two series OF blades to

obtain a range of' turning angle for a given blade section
while maintaining a pressure distribution without peaks.
The tests were made in a two-Gimensional low-speed
cascade tunnel at the Langley Memorial Aeronautical
Laboratory and are a part of the NACA program to increase
the efficiency of compressors and turbines. The purpose
of the investigation was t0 develop efrficient blades
operating at OY stagger that would turn the air threough
angles from 0° to 809,

SYMBOLS
a angle of attack, the angle between the initial
air and the chord line of the blower blade

ad design angle of attack of hlower blade in cascade
q local. dynamic pregsure
41 dynamic pressure of initial air
5 - ;dynamid pressﬁfe;éf alr behind the hiadesp

P ‘ ’ - 5 . ieimees \
96 mean}dynémio'préssure‘ &ql * ?2~%-jvqlq2Acos 9)
Vl veleoelty of initial air
V,  velocity of air behind the blades
;VQ; : méan ve1ocity of air (-% vector sum of Vy and Vg)
_AY   ;ye§tbf'diff@rsncefﬁf veloci@ges i{Vl fivg)
fpi';, ;ﬁiﬁiaifstétiC'prsséﬁfe'
Pg ';étatié ﬁpésgure{behind,the'blaaes,»équal to

“atmospheric pressure :

Poy theoretical static pressurgaéhind the blades
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Ap pressure drop across cascade (ps 1}
o solidity, ratio of chord to gap
€ angle through walch alr is turned by bladses
C chord
Cy A theoretical design 1ift coefficient of blade in

- -frece alr ‘
3 stagger, antie between perpendicular to cascade

and entering air :

Mo critical Mach number, stream NMach number at which

- the veloclty of sourd ise reached on the blade
Aa crogss~sectional area of iniuvizsl air stream
A, area of air ctream behind hlades

[
X chordwice disztance frow leading edge
N vertic distance from chora

APPARATTS AND TEST PROCEDURE
The two-dimensional low-ﬂoa@a cascade tunnel
described in referernce 1 has bteen rebuilt to permit
variation of the stagger anﬁle and also of thie solidity.
This change was made possible by constructing walls with
removable C*fwulai plates that could be rotated. For
the present tests, the cescade tunnel was further modi-
fied by eliminating the boundary-layer control system
on the walls; however, small gaps, which served as
boundary-layer slofs on the flooras, were left vetueen:
N b4

the top and bottom blades of the cascade and the loors.
A vertical cross section of the apparatus ia sche-

1
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matically shown in figure

Two families of blower
For low turning angles, the
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than 30° a series of experim
wag used. The NAZA 60-serie
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65(216) =010 airfolls with a thickened trailing edge
cembercd for 1ift coefficients of 0.1, 0.2, 6.4, C

.5
ond 1.2 were tested at soliditles of 0.38, 1.00, and
1.0, These theoretical design 1ift caefchze ba are
for ianlated profiles in free air. The method of
obtaining the ordinates of blade sections with the
seme basic thickness and varying cambers is given in
reference 2. The ordinates for the hlude zectionns
tested are given in tables T to V. Orcss sections of
these blades are chown in Figure 2, T

< I order to conform
with previous work (reference 1}, a chard of & inches

®
was used. The span, however, was increased
e e

to Oz inches
because of the slightly dlfferent tunnel setup. A cascade
of five blower hlades was used In all the teste.
ffean lines that guve nigher turning angles with peak-
free pressure distribubtions were experimentally derived.
Cascade tests of flexible nlates at solliditles of approxi-
w 1elv 0. 9 anc 1.4 were ussd to uwtalr*ne mean-1line
iepes., hese nlates were alter in cheare untlil & pres-
sure distribution without peaks wug obiained. From
these tesgts, fcour shavss (fip. &) were celected as mean
lines for blades to cover a ranze of turning angle
from 20° to B8C®. The ordinates [»r trhese mean lines
(designated A, B, C, and D) are &'ve1 in table VI. BRlade
sections w»roldesigﬂed ty combining a basic thickness
with the various meen lines (fig. 4). The basic thickness
far the FACA 64(215)—0@6 giprfoll =ection w:th a thickened
tralling edge was used. This sechion was chosen rather
than the V“”A ou~serﬁ s blower-blade °“Ctl n hecause the

NACA 6b-szerles section gave three points of
urvature on the lover qufaoe, 3w combininyg
with a mean line according to the conventinna 1 rethod
(reference 2), a very sharp leadling edge was obtalned; hence,
the mean line ratner than the chord wags divided into the
NACA stenderd stations and the basic thickness was appliled
perpendicular to the mean line at these points. The
ordinates for the derived sections, which wsre tested at
solicdities of epproximately C.95 and 1.40, are glvch in
tables VIT to X,

mu !—"" ‘*)O

Tt was assumed that the initial sir-flow direction
was parallel to the tunnel wallg. The ftotal and static.
bressures were measured hy total-hesd tubes on the flocr
and celling of the tunnel and a row of wall static-preszure
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orifices located % chord length ahead of the blades
- ~ . - L]

(f2g. 1). In all tests the central blacde was equlpped
with pressure-~distribution orifices.

The angle through which the air was turned by
the blsdes was measured approximately % chord length

Y4
behind the blades. Meac urements were macde with a
cylindricel vaw tube provided with = F‘xed arm. w“he
tube was % inch in diamelter with two static-pressure
=

orifices at an included angle of 800. The angle of the
arm with respect to the & hen both tubes read equal

pressures, wag found by c

of taking ms sklremento wa ; thet ig, the arm was
adjueted so that the tube: vnich the two orifices

were connected read the same and fthen the angle at which
the arm was set wog found with en inclinometer (an angle
measuring device). An average turning sngle was ODt&lﬂ@d
by surveving the gaps adjacent to the central bladga The

bratiana The Uny11' method

W

i% for

23 O
+Li for

experimental accu

turning angles ud
angles about oojﬁbﬁ 2d

from
over a range of R

The blade characteristics arce tased on “mean airh

conditions as in referenee 1. The mean veloclty V,

(fig. 5(a)) is the cre used as a besls for determining
the mean dynamic pweqsure JQo. The pressure distributions
for the different 570 er blades at variovne angles of attack
for esch gclidity are shown in figures €& to 27. The
“quantity plotted is the local cynamic pressure ¢ divided
by Qp. The accuracy of these results was impalred by

the thick boundsry lsasyer alorz the walls an

o
o
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3
bty
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£
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e

of measuring the entrance veloclty for t n
angles., The boundary laver, which was a%t fimes % inch

thick, wasg due to the lsngth of the tumnel walls ahead



of the blades and the
mente. Figh angles of el
hence, the velocliuvy of tHe air an@ad o f . cazoade

wes reduced consgiderably. Since the absclubte error of
c

pressure measurements 1s constant, & considsrable

reduction in measured initial Qyncmic pressure mesniflies
the error in oete°m¢n1np the mean Gyn: T pressure.  The

tasts, therefore, do not give the actual pressures on
e blades accurately vbut the resul nay He used to
selsct pressure & !

...J
CT
)

distributions without pealis,

The theoretlical precsure change due Lo & cascade of
blades, if no encrgy logsges and ilncomprests flow are
‘assuvmed, can be calculated Irom 1§ following eguation

!

In figure 2@, the thecrshtical

ariaus turning angles 1z shown.
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Tor each tlade section, the range of angle of
attaclk that geave pressure aistrloutlonq without
undesirable peaks was found. In the case of the
HWACA 65-series blades, the aﬂgla of attack that gave
the maxinum furn¢n£ angle with a flat pressure distri-
bu%ior vas gelected as the deslign ooad tion for a
ven Sﬂllilty. This angle 1s labeled as decign angle
tack in figures 9 te 20. For the experimentally
uea seot-ona, a range of design angle of attack
lected from the desirable pressure distributions
higher solidities (figs. 22, 24, 26, and 27).
two serles of blower~biade sect*ons with rela-
7 high critical speeds, will ef ﬁerer turn air
ng in an axial dwﬁectlon from OQ to 80%.
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is geen from the pregsure distributlions at the
lower solidities (figs. 21, 23, and 25) that the exit
es are very much lower than the maximum locel
itties on the tecp zurface. These blads cections
are therefore rnot recomrended for installacions in
ich kigh exit Mach nuwbeﬂs ars encountered. The

Lhran" engles for varicus argles of atteck are shown
i Fizurea 29 to 2L aad ths t rajing angles not recom-
mernded are indicated b dashed lines., Within the
range of goliditics tested, the cascade of bladses shows
chieracteristics of the Infinite sollidlity caze Q& ~ 1.
da
£ the WACA 88-zeries bplades indicat
tha sign cambers ({cp., = 0.1 and 0.2), the
desi atbtack depends little, if any, upon
solid range of solidity csvcrcd ¢n the present
teste. hi¢kﬂ?~Lamoered section Crq = C.4, 0.8,
and 1.2}, the angle of cttd@k for optlmum erat“op is
egssentlally 1rue)ehaeqt of sclidity for the range from
0.88 to 1.00 but with an Jrhwease of solidicvy to 1.850
the opbtimum operating angle is increased. These results
are expected because for low cambers an Incrcase in
solidity procduces little change of turning sangle and,
therefore, the directlon of mean flow Is changs d only
slightly. Tor high cambers, an increase of solidity
i'chaues the turning angle appreciadbly. This 1uc*eawed
irnis e changes thie mean flow 8o as %to decrsas

! af attack of the hlades relative to the rcan
uu, Ter the “ﬂ“h cqmber blades, the angle of

increace of csolidity.

¥
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At the low solidity of 0.88, the data indicate
that the change of turaing angle with angle ol attack
is greater Tor the NACA €5-(12)10 blade than for the
lower-cambered bladeg in this sgeries. The reason for
this difference. is not known, elthough this high-camber
hlade may actually be more efflclent at the solidity
of 0.88 or the difference may be due to experimental
ETTOr, S

Thé VACL 65-110 blades have pressure psaks on the
nose for all angles of attack; therefore, the i
thnese blades for high Yack rnurmbers would notb g
able. The angle- ijotuqu range that L covercd Yy
pressure distridbubticns withoub p of the MNLJA £89-21C

blace, nowever overianﬂ sulfficiently. to cover the
turning angle COrfbmpOanhG to the cesipgn-angle-ofl-
atteck range of the NACA €5-110 blade.

s o, -

xamination of the pressure dilstrihut
exge*ly@nualiy degiened blades shows that
operated thronﬁb'” wide ran I

b}
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ge ol anrle of a
peak free pressure Aietributiorss * The Ilat plates
used to derive t“ﬁ mean-1ine pas of theee blades
had a very narrow e hecause of the sharp

leading edge.

Loproximate criti (table XI) were
obtained hy use of tae A fen equatlions
(reference 3). The value of ¢/q, for calculating
the critical Mach nurmber wag bteken Irom the pressurs
Gistributicns rfor ag  or the highest veloclity point
in the design rengs. When no « or range 1o '
indicated, tne value of ] g sclected from a.
peak-fres pressure disgtr tion. The value of q/qn’
in each case, was chosgen 1ther the peak value
of the D“‘QL””G distribul v o1 the theoretical value
at the trailling edge er;d’ e on which was the larger.
Interference effects made apoessible to extirate the
critical Mach number to the canme degree oI accuracy asg
is now possivle for lsolated 8'”1“11“ sub an apuroxi-
mation to the critical gpe can be ned dppoavs
from thliese apD:Dvlmatw calculations 1 the critical
Yach rumber tends to be Independent of the sollidity.

Ls may be expacted, the blad witsh low turninﬁ angies
had a higher cwif'n“] umber bthan the blades with
high turning angles.

(“}
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APFLICATION OF RESULTS TO ENTRANCE-VANE DESICN

The data obtained are presented in figures &2
and 33 in forms Iintended. to permit turbine and _
corpressor designers readily to select entrance vanss
(enterin 18 alr assumed to be flowing axially) for a .
specific machine. Two distinct design procedures
are presented. First, in the caze of the lower turning
angl s(<703), the NACA E5-series blower-hlacde sections
can be recommended. The camber and nwle of attack
to be u:ed.pQ obtain a specified turning ancle with a
peak-free pressure distrivution can pbe found fronm
figure 23, This cdecien chart does not contain dat

for fuﬂnln@ angles less than about 42, but these angles
can be obta¢ned directly [rom t%u cturning ancle and
presgsure-distribution charts. The 8>b1¢c“3.r of +the
degign ch art may ve iliustrated g followss: Suppose
it 1s desired to turn =air flowim¢ iu an axlal direction
by use of a row of blades with a Scli&i,y of 1. 55, Refe
ence to figure 33 cshows trat a blower blade cambered for
a 1ift coefficient of 0.85 is indicated and that it shou
be operated at an angle of attacic of 12,89, T 16 method
of designing such & blade is given In referernce 2. IF
some choice is avalilable 1In the solidity to be used, it
1z possible to avoid computatlons by adjusting the solid
a ) L T 2

until figure 33 indicates thsat
camber could be used.

In order to desgign entrance vanes for turning al
through angles greater than 30°, fi- cused,
Four entrance-vane sections UQVP been developed Tha if

3
used ot the appropriate solidity and angle of abtaclk,
cover the turning-sngle range of 30° to 80%., The solid
lines represent regions in which these olaces have peal-
free pressure distributions; thus, for example, il it is

2
desired to turn alr e¢54c16ﬂt1y through r.‘20 it could bhe
done elither with a cascade of YACA 64—(0) 0B b{ude asectio
at an angle of atteck of 32.3° and & solidity of 1.40
or with a cascade of NACA €4« (F ))5'* de gections at an
angle of attack of 38.1° and a sol of 1.435.

~oT T

CONCLYU

4
<>
&
v)

Data have been obtained Irom tests wmade on 1
NACA 6b~-geries blower-blade sectlorng and four experi-
mentally derived blower-vlade sections and are presen

R
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in the form of design charts for entrance vanes for
axiel-flow counpressors or turbines. These design
chiarts give a blade section and angle of attack for

any desired turning angle. The blades thus obtained
onerate with peak-free pressure distributionsg. These
two series of blower-blede sections, with reletively
high critical spseds, will efflolrntly turn air flowing-
in an axial direction from 0° to 80°

Langley Memorial Aeronautical ILavoratory
National Advisory Committee for Aercnautics
Langley I'ield, Va.
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TABLE 1

ORDINATES FOR NACA 65-110 BLOWER BLADE

11

erlved from NACA 65(216) -110 airfoil combined with
0.0015x; statiorns and ordinates in percent of chord]

Upper surfeace

Iower surface

X vy b9 vy

0 O 0 0
4683 776 532 ~.726
<715 924 . 785 =.854
1.211 1.177 1.289 -1.0a89
2.454 1.6088 £.546 -1.477
4,048 2.379 5.052 -2.063
7.446 2.220 .524 -2.496
0.946 2.369 10.084 -2.1353
14.948 4,082 15.082 -3.410
19.983 4.616 20,047 -3.8620
24,9690 0.01l8 28,040 -4.122
23,987 5.310 50.033 ~4.358
54,975 2.497 35.025 -4,467
39.584 5,502 40.016 -4,821
44.592 €.57"7 45.008 ~-4.481
50.000 D.48e 50.000 -4,318
56.007 5.118 54.993 -4, G622
60.013 4.6587 59,987 -3.615
6&.018 4.142 £4.982 -3.112
7C.020 5,084 69.930 -2.552
c.021 2.399 74,979 -2.003
80 .020 2.245 79.280 -1:449
5&.017 1.587 84,9805 -,515
90,013 1.00%7 8. 987 -.491
92.008 O1e 94.992 -. 196
10G.006 ! 150 99.994 -.150

!
L.E. radius: 0.666

NATTONAL ADVISORY
COMMITTEE FOR AEROHAUTICS
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TABLE 11
ORDINATZS FOR NACA €65-210 BLOWER BLADE

[ Derived from'NﬁﬂA 65(216) -210 airfoil combined with
¥ = 0.0G15x; stations and ordinates in percent of chord]

Upper surface ; Lower surface
W y 34 ?'/

O O 0O O
w437 199 JHBE -, E9G
B3 . 95 . 319 -, 117

1.172 1.268 1.328 -~1.014

2.400 1.754 2.591 -1.,3832

4,896 2,536 5.104 -1 .904

7392 3.121 7608 VAN 16)

9.891 2.826 10,100 -5, 882

14,897 4,418 18,102 -5 072
19.90% 5,013 20,083 —Z A2
24,920 0,464 =5.080 -3 874
29,9535 5.7496 20,065 -5, 882
54,951 6.012 35,049 -3,9252
39.967 6,188 A0, 0E8E -5.288
44,54 6.124 45,018 s, GE 4
50 000 5,873 50,000 - TET
oE.015 5.665 H4,985 “B, 475
60,027 S.akd S9.972 ~-Z,080
65,0356 4,687 4,964 i, 597
70,041 4.010 €C, 050 «2 . 086
75,048 3,346 74,357 -1,556
£0.041 2643 3,95 -1.051
85.085 1.924 34,985 - 58
80.026 1.266 89,974 -2l

O95.017 LETC C4,962 -, CE3
lO0.0¢¢ 149 29,087 - 144

| — -
§ L.¥. radiuvs: 0.666

C(NW}
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ORDINATES FOR NACA 62-410 BLCWVER BLADE

[Derived from NACA 3£(216)-410 airfoil combined with
v o= 0,0015x; utau ons and ordinates in percent of chordl

Upper surfa.e : Lower surface

PR

)
>

B7E - 542

613 -.740
1.098 . 309
2.218 - s
4 ,}‘ 3

0]
(Y

o

7.284 :.11) -
2.783

] 1,793

AV e |

GV O CT s CR DD s

19-\v1‘1 L )O ""2
”4 €40 20150 -7
29.270 & 30,130 -
24,502 7 25,088 -2.924
59,0988 7 40,008 -2 210
44,968 T 45,022 -2, 8330
&0.000 i 2,000 -2.06064
25,029 & 54,971 -2, 508
50.C&4 GDBQ" 59,946 ~2.00%7
65.071 S.600 H4.529 1,506
70.082 4,904 £€3.918 ~1,106
0.0886 4.238 14,914 - G006
80.081 O.434 79,919 -l
85.070 ©.607 G4, 050 «E5
90.052 ~1.781 $3.048 o287
85.035% . 985 94096? Q.
100.0&3 « 146 29.967 ~a 40

| L.E. racdius: 666 ;

[, e

NAT TCHAL ADVISCRY
WIT SDE POD “gﬁuﬂafrlpg
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‘TABLE

ORDTHATES FOR WACA 65-8210 BLOWER BLADE

NACA ACR No. 15G18

[Derived from NACA 65{216)~-810 airfoil combined with

S

¥y = 0.001&8x; ctations aud ordinates in percent of chord]
Upper gsurface Lower surface
X | v x v
0] 0 : 0 0)
260 213 740 -.513
. 486 <130 1.014 =.5"70
. 9492 1,L10 1.58 -.654
2 143 XK 2.857 -.'786
4,591 5c448 5.409 =.920
7.072 4.371 7.928 =.979
9.569 £.149 10,421 -1,013
14.589 €.415 15.411 -1.031
19.629 T 336 20.371 -1.018
24.681 8.139 25.319 =.979
29,740 8.705 30.260 -, 92
34.304 093 35.196 -.858
32,870 vn"70 43.1%0 =771
44,926 Q,409 45.0€4 -, 649
50.0C0 . 282 50.000 =458
55,088 8 950 54,942 -.190
60,107 8.454 £9.892 134
65.142 7.744 64.E57 . 496
70.1€4 €.922 69.8626 304
| 75.171 €.025 74.823 1.135
! 80,162 £.024 79.838 1..344
85.137 2,935 84.E63 1.449
90,104 2.810 89.E96 1. 326
95.065 1.612 94.935 .916
100.048 142 99.9852 -.142
L.E. radius: 0.6€6
NATITONAL ADVISORY
COMMITTEE FOR ALXRONAUTICS
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TABLE V

NACA ACR Yo. L5G18

ORDINATES FOR NACA 65-(12)10 BLOWER BLADE
[Derived from NACA €5(21€)-(12)10 airfoil combined with
v = 0.001Ex; stations and ordinates in percent of chiord)

Upper surfsace Lower surface
x 7 J x v
0 0 0 . O
161 - 97 839 -, 071
&4 1.22% 1.126 - . 587
G617 1.679 1.6283 -,3595
1.981 2,592 5,019 - . 367
4,399 4,035 8.601 - 243
6,863 5,178 8.132 -.090
9.361 6,147 10.639 057
14,3388 7134 15.612 542
19.477 RL.9ES 20.553 094
24.523 0.215 25,477 . 82
£25.611 10, €4C 50,389 1.024
54,706 11.153 58294 1.207
59.804 11.479 40,196 1.373
44,904 11.598 45,096 1.542
50,000 11.488 50,000 1.748
55,087 11.129 84,913 2.00
6C.161 10.874 09,839 2,27
£.214 9.801 64,736 2.559
70.245 8.8E0 69.755 2.804
75.226 7.8C8 74,744 2,922
8C.2.12 65.€607 75,758 2.945
15,204 5,072 84,793 2.804
Q0. 154 GIRCTS| £%.3460 2.359
C&,086 2. e 57 94,204 1.555
100,088 4 99.932 -.134
: |
L.%. radius: G.668

NATTICWAL ADVISORY
COMMITTIE FOR AEROSAUTICS
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[ Statlons and ordinates

TABLE VI

C

NACA ACR No.

(PERIMENTATLY DERIVED MEAN LINES

in percent of chordl

B
H
2

100

o 44
66
1.07
2.01
7L

ool
4,74
E.60
7 .02
7.95
R.BO

o L)

w 36
001 2]
9.23
G320

Z
90‘)

I3

7 ‘Q
8,08
Q.98
10.90
33055
1 ] x./l./
lZ,ld
12,06
11.84
11.42
10.75
QILBL./
.71
. D7

2y
e L/

.01
o 49
1.80
O

J(,ﬂ s ~3 D &

o

®

@

[Rt

°
RN e R R e Ry
DO OO

o

&

11.38
AL]
. OO
LOL

. 02

O N D W

.04

; &, 00
i 506\7
6.75

8,7

&)

2z
.t

1:1 05)4
» 10

b 7
.4; PELS)

16,18

O b 02

¥

‘1’7.0:-3',
17,76
- 17.85
57

Lo1a.97

o g s g

LbG18

MACTON

)

ATl
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R
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TABLE VII
ORDINATLS FOR NACA 64- (A)O6 BLOWIR BLADE

[3tetiong and ordinates in percent of chord]

Tpper surface Tower surface

i
i
|

% B | _y % .

0.87 -0 0

]

.5 1.40 5 -.09
JIE 172 ws .08
1.25 7.38 o1.25 .17
.5 55 2.5 77

o
dgﬂj" S.0 . 86

. L
€.84 7.8 2.7¢

a
1O

Cﬂ O ~Iw e
n

1 o'l 14 Z.51
il o 6,60 P15 4,54
20 o C10.75 ’ 20 » - 5.18
25 : ' C1ll.46 25 ' ' 0,56
0 ‘ S8 ZC 5,79
= I e o0 A a

(S . b v %D . : u‘b (S

40 o 2.7 a0
45 ' DRINCY. 4 |

@

DY O
o
G s (A= O
RN L

EO - 12,17 50 ,
55 171.e2 85 &.
€0 - 11.25 80 .48
5 ~ 10.47 85

.84
.22
.44

70 a S 9.44 70
75 8,19 75
80 o 6.74 80

Rsarnd, D
o
Do
o

5 - 5,17 85 L&
90 | E2 S0 CLED

!...J 7‘ o

o5 S .e2 95 .25
100 o 14 | 100 ~.13

NATTONAL £DVISORY
COMMITTEE POR ATRCOHAUTICS
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TABLE VIIT

ORDINATES I'OR NACA 64-(B)06 BLOWER BLADE

NACA ACR No.

L8G18

[Stations and ordirates in percent of chord)

| Upper surface

Lower surface

s
| X Y X Y
[ 0 Q.79 0
) 1.82 +D =.02
75 2.24 4 .07
1.25 2.97 1.25 .35
2.E 4.483 2.5 1.14
£.0 6.56 5.0 2.06
7.5 8.29 7.5 .88
10 3.58 10 .82
, 5 11.5) 15 6.18
0 12,90 20 7.13
25 12.98 ‘ 25 . 86
30 14,70 50 g.40
35 18.1% 55 8.75
40 15.26 4C 93
| 15 15.1¢ 45 8.98
| 50 14.77 50 8.93
' 55 14,12 55 8.71
6C 23.21 60 29
65 12.03 68 7.63
70 10.63 70 6.83
75 5.14 75 6.01
80 "7.61 80 5.14
85 5.91 ES 4.12
90 4. 0d 0 2.88
t 95 2.13 95 1.44
: 100 .16 100 -.19
fome
3 L.E. radius: 0.274

NATTIONAL ADVISORY

COMMITT

T
fali et

B
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NACA ACR No., L5@1s -

ORDINATES FOR WACL 64-(0)05 BILOW

TABLE IX

1.9

BLADE

[stations and ordinates in percent of chord]

Upper surface

Tower surrface

X

J

[
Q
o)
O

)
\,

e O 2.09 O 0

.75 2.54 .75 12
1.25 238 l.2E 42
2.50 5.19 2.50 1.51
.00 8.03 £.00 S.27
7.50 10.19 7,50 2.05
10 11.84 10 €.50
15 14,40 15 G.e7
<0 16 .21 20 10.18
25 17,53 25 11.24
&0 JREPRGY 20 11.90
&5 18,77 %15) 1,22
40 16.85 40 12.22
45 18.86 45 12.22
o0 18.02 0 12.02
55 17.20 o) 11.72
6C 16,23 60 11.20
65 12,03 €5 10.40
70 17%.40 70 : 9.40
75 1.49 TS ©.16
80 PREs15) 8 £.71

85 7.01 85 £,10
90 4,67 Q0 ’ 5. 40

85 2.3 95 1.66
_ 100 » 16 1C0 -.11
|

| L.%. radiug: 0.281

NLTTIOHAL ADVIZORY
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(.

TABLE X

NACA ACR No.

ORDINATES FOR NACA 64-(D)06 BLOWER BLADE

[3tations and ordin

T.5G18

in percent of chord)

v s e

-
Upper surface i Iower suriace
i e o
X, E Y x i N
"‘1- .O Soog "1000 é ' 202{3
"'0’75 6!:55 "‘orl‘;5 3 1012
« . 50 7. 28 - DU W43
o . .28 0 0
.50 9.2h 20 . D0
75 9.606 S0 1.1
1.28 ] 10,42 1.28 2,830
2.50 ’ 12,02 2. 50 .52
51:()0 ’ 1’?ro4:3 t)oO\) 80(’55
7.5Q 16.15 7,20 10.18
10 L7 .45 10 11.44

95
100

20,35
19.47

12.31

1€.97

1&.50
12.93

12.31

10.61
£.71
) e

Zeuj.

.20

,,,,,

-z
LD,

1/.,'

06
QO

L.E.

radiuge

WAT T

'CQT‘EI\.‘{.IT‘I‘US FOR
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J.bgi I

ATRON
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NACA ACR No, L5¢le g 21

TABLE XI
APPROXIMATE CRITICAL MACH NUMBERS BASED ON MEAN VELOCITIES

NACA blower-

hlade section | Sclidity a ! q/qo Mcr
E5-110 C.88 '1
65-110 1.00 2° 551 1.5 0.70
85-110 1.50 J
65-210 .88 T, :
65-210 1.00 Lo4” 18! 1.5 .70
E5-210 1.50 |
E5-410 .88 © 79 03 1
85-410 1.00 7003 | 1.6 .67
65=410 1.50 8 ozt |
65-610 .88 11° 39! )
65-810 1.00 119 291 % 1,7 .64
65-810 1.50 13° zgr ||}
65- (12)10 .88 167 08! |3
65-(12)1¢ 1.00 16% ¢ar | 5 1.8 .62
65-(12) 1.0 1.50 187 ot |
81~ (A) OF L O76 279 2.3 54
64- (A)06 1,465 33° 2.2 55
84~ (R)YO6 L9B5 299 2.5 .54
84-(B)06 1.435 389 2.5 .51
64-(c) 06 LOE2 41° 3.0 . 46
64»(C?OG ‘ 1. 400 44° 3.1 . 45
64-(D) 06 1.33" 810 8.3 Very low

NATTONAL ADVISORY
COMMITTEE FOR' AERONAUTICS
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Fig. 2 NACA ACR No.

NACA 65=410

Chord
L L Tangent
NACA 65810
Chord ;
0
m
L) \_Tangent

NACA 65-(12)10

NATIONAL ADVISORY
COMMITTEE FoR AERONAUTICS

Figure 2.- NACA 65-aeries blower-blade sections.

L5G18



NACA ACR No. L5G18

w

T T X chord 1me

N =T

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 3.- Mean lines obtained from tests of flexible
plates in cascade.



Fig. 4 NACA ACR No. L5G18

NACA 6li-(a)06

T N Ghord line

NACA 6l-(B)06

““““““““ Y Chord line
NACA ©4<c)o6

NACA 6li-(D)06

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 4 - Experimentally designed blower-blade sections;



NACA ACR No. L5G18 Fig. 5a.,b

x Vi B

(a) Vector diagram defining meean velocity.

Al

F 3

|

- . ]

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(b) Flow through a cascade of airfoils at 0° stagger.

Figure 5.= Diagrams of flow through a cascade.
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Figure 6.- Section pressure distributions for NACA 65-110 blower blade;
stagger, 0°; solidity, 0.88; no ad.



NACA ACR No. L5G1S i

Fig.
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Figure 7.- Section pressure distributions for NACA 65-110 blower blade;
stagger, 0°; solidity, 1.00; no ag.



Fig. 8 NACA ACR No. L5G18
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Figure 8.- Section pressure distributions for NACA 65-110 blower blade;
stagger, 0°; solidity, 1.50; no ag.



NACA ACR No. L5G18
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Figure 9.- Section pressure distributions for NACA 65-210 blower blade;
stagger, 0°; solidity, 0.88; ag = L°18'.
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Fig.

10 . NACA ACR No.
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Pigure 10.- Section pressure distributions for NﬁgA 65-210 blower blade;
stagger, 09; solidity, 1.00; eq = 491875
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NACA ACR No. L5GI18

Fig. 11
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Figure 11.- Section pressure distributions for NACA 65-210 blower blade:
stagger, 0°; solidity, 1.50; ag = 4918t
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NACA ACR No. L5G18
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Figure 12.- Section pressure distributions for NACA 65-410 blower blade;
stagger, 0°; solidity, 0.88; ag = 79031,



NACA ACR No. L5G18 ~ Fig. 13
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Figure 1%.- Section pressure distributions for NACA 65-410 blower blade;
stagger, 0°; solidity, 1.00; aqa = 7°03'.
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Fig. 14 NACA ACR No.
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Figure ;.- Section pressure distributions for NACA 65-4.10 blower blade;
stagger, 0°; solidity, 1.50; ag = 8%03t.

L5G18



NACA ACR No. Lb5G18
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Figure 15,~ Section pressure distributions for NACA 65-810 blower blade;

stagger, 0°; solidity, 0.88§;

ag = 110391,
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Fig. 16 NACA ACR No, L5G18

o Convex surface
+ Concave surface

2.5 2.5
20 ‘ 2.0
oy s I e cowouy
1s5 < . N
a/q0 & ey AN | P 9/a, T P
1.0 _p— f - Py 1.0 — 17" P2y
+ P R
Py A 1 ?/"
5 5 = 120391
= 60%91 o = ]
(é = 11229' | ! 8 = 170081
0 t [o I
o0 20 4 e 8 100 o 20 4 e 8 100
Percent chord Percent chord
2.5 2.5
2.0 2.0
[ —6-—< o3 &
e O 1.5 -
Vo P a/ - P
q/q4 — : > a, | P,
A e e — 1.0 et N 5
1. i g i \_k'— >—-P2t . pl_ TF =1 t
" o = 89391 2 o = 13939
8 = 130274 : g = 18°03
k 0
° 0 20 40 60 80 100 . 0 20 Lo 60 8o 100
Percent chord Percent chord
245 2.5
2.0 2.0
| clo¥,
o A~ e
1.5 <] . 1.5 0
/1, T o P 9/, N 2
S A N P
1.0 = - P2 1.0_| — =i 2,
— #* ¥ -~
Pl % . L Pl —,-i/ N
. o2
5 a = 109391 a = lll-059'
e = 15°07! 8 = 18969
0
0 20 40 60 80 100 0 20 40 60 80 LOO
Percent chord NATIONAL ADVISORY Pescent chord

COMMITTEE FOR AERONAUTICS
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Figure 16.- Section pressure distributions for | NACA 65-810 blower blade;
stagger, 0% solidity, 1.00; agq = 119391,



NACA ACR No. L5G18 Fig. 17
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Figure 17.- Section pressure distributions for ¥aca 65-810 blower blade;
stagger, 0°; solidity, 1.50; ag = 139397,
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Figure 16.- Section pressure distributions for NACA 65 (12)10 blower blade;
stagger, 0°; solidity, 0.68; ag = 16°081,
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Fig. 20 NACA ACR No. L5G18
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Figure 20.- Section pressure distributions for NACA 65 (12)10 blower blade;
stagger, 0°; solidity, 1.50; ag = 1800
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Figure 21.- Section pressure distributions Tor experimentally designed
blower blade NACA 64~(A106; stagger, 0°; solidity, 0.976; no
oecommended design condition.
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Fig. 22 NACA ACR No. L5G18
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Figure 22 .~ Section pressure distributions for experinentally designed
blower blade NACA 64-(4)06; stagger, 0°; solidity, 1.L65;
range of ay, 21° to 33°,
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Figure 22.- Coacluded,
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Figure 23.- Section pressure distributions for experimentally designed

blower blade NACA 64-{B106; stagger, 0°; solidity, 0.955: no

recommended design condition.
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Figure 24,~ Section pressure dlst ibutions for experimentally deS|g
blower hlads NACA 6 (B)Oé1 stagger, 0% solidity, EL
range of ad, 26° to 38°
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Figure 25. - Section pressure distributions for experimentally designed
blower blade NACA 64-(C)06; stagger, 0°; solidity, 0.932; no
recommended design condition.
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Fig 27 Conc. NACA ACR No. L5G8
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Figure 27.- Concluded.
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